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Abstract 
The devitrification of the Fe65Nb10B25 and Fe70Nb10B20 metallic glasses produced by 
melt spinning has been studied by calorimetry (DSC), X-ray diffraction (XRD) and 
transmission Mössbauer spectroscopy (TMS). Calorimetric measurements show three 
exothermic peaks which have been identified as the successive primary 
nanocrystallization of mainly a Fe23B6-type phase, the formation of bcc-Fe and 
metastable borides and finally the transformation to the stable phases. TMS and XRD 
have been used to identify and follow the evolution of the phases that appear in the 
different transformations.  
Keywords: metallic glasses, rapid-solidification, mossbauer spectroscopy. 
 
1. Introduction. 
The Fe-TM-B (TM=Nb,Zr,Hf) amorphous and nanocrystalline alloys have been widely 
studied during the last decade due to the promising properties to be used for soft 
magnetic applications[1-5]. The properties required are large saturation magnetization, 
low coercive field and high permeability. These properties are obtained by a partially 
crystallization of the amorphous alloy as a consequence of a heat treatment [4]. Not 
only good magnetic properties are required for these applications but also good thermal 
properties as wide supercooled liquid range and phase stability until high temperatures 
in the effort to produce bulk metallic glasses. For that purpose, studies of alloys with 
higher content of boron and niobium have been done [6-8]. The stability of 
nanocrystalline alloys is attributed to the formation of a diffusion barrier around the 
nanocrystals formed by heavy atoms that can not diffuse to the amorphous matrix. In 
this work a study of the devitrification process of Fe65Nb10B25 and Fe70Nb10B20 
amorphous alloy is presented and the formation of the diffusion barrier during primary 
crystallization is shown by means of different techniques.  
 
2. Experimental procedure. 
Glassy Fe65Nb10B25 and Fe70Nb10B20 (labeled Fe65 and Fe70, respectively) ribbons 
were prepared by melt spinning under Ar atmosphere with single Cu roller at a linear 
velocity of about 40 m/s. The ingots were prepared from Fe, Fe2B (98% purity) and 
NbB (99% purity), pressed at 150 kg/cm2 and melted for 15 s in an induction furnace to 
improve homogeneity. The ribbons are about 20 µm thick and 2 mm wide. The as-
prepared and annealed samples were examined by XRD in a Philips X’Pert 
diffractometer using Cu Kα radiation in a wide angle. 
Calorimetric measurements have been performed in a NETZSCH DSC404 differential 
scanning calorimeter under dynamic pure argon atmosphere. A second scan has been 
always done in order to substract the DSC baseline. Room temperature transmission 
Mössbauer spectra were obtained using a conventional constant acceleration 
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spectrometer with a 25 mCi source of 57Co in Rh matrix. Experimental spectra were 
fitted with Brand’s NORMOS program [9], considering one or two histogram magnetic 
hyperfine-field distributions with linear correlation between the isomer shift and the 
magnetic field. The isomer shift values are given relative to room temperature α-Fe. 
 
3. Results and discussion 
The XRD and TMS spectra of the melt spun Fe65 and Fe70 alloys show the 
characteristic pattern for a glass. The TMS spectra have been fitted with one magnetic 
hyperfine field distribution, with average values of 9.86(3) T for Fe65 and 9.8(2) T for 
Fe70. The devitrification process in both metallic glasses occurs in three different stages 
(Fig. 1). The glass transition precedes the three exothermic peaks observed in the DSC 
curves when heating the alloys up to 1273 K. As shown by XRD, the first DSC peak 
corresponds to the nanocrystallization in both alloys. The peak onset is sharp but the last 
part of the decay occurs in a wide temperature interval. That effect is more pronounced 
in sample Fe70 than in Fe65. Such a tail in the DSC signal is often observed in primary 
nanocrystallization processes due to soft impingement [10]. The TMS spectra of sample 
Fe65, once nanocrystallized (Fig. 2a), has been fitted using two magnetic hyperfine 
field (high and low) distributions. Low field one presents two maxima (at 2 T and 7 T) 
attributed to a Nb-rich environment amorphous phase. The high field distribution has 
three maxima (at 18 T, 24 T and 33T) which are attributed, respectively, to the presence 
of a Fe-B environment, a Fe23B6-type phase [11-12] and a small amount of bcc-Fe. For 
the nanocrystallized Fe70 sample, similar results are found from the analysis of the 
TMS spectra (see Fig 2b), but an extra sextet corresponding to bcc-Fe has been added to 
the fit. The values of all the hyperfine parameters can be seen in table I. The relative 
area shows that the relative amount of bcc-Fe increases from 5.6% for Fe65 to 22.8% 
for Fe70 in detriment of the Fe-B environment. The assignment of crystalline phases 
agrees with the measured XRD patterns [13]. 
These results indicate that, apart from the Fe23B6-type and bcc-Fe nanocrystals, two 
distinct disordered type of environments, being respectively rich and poor in Nb, exist 
in the nanocrystallized samples. The Nb-rich disordered phase was probably produced 
by the expulsion of Nb out of nanocrystals and surrounds the Fe23B6 and bcc-Fe 
nanocrystals, acting as a diffusion barrier limiting crystal growth. The Nb-poor 
disordered phase corresponds most probably to the remaining disordered matrix. 
The XRD and TMS spectra obtained for samples heated up to the end of the second 
crystallization peak indicate the presence of Fe3B-orthorrombic boride [14], coexisting 
with bcc-Fe, in both alloys. The TMS spectra of fully crystalline samples (1273 K) has 
been fitted with three sextets, two corresponding to Fe2B and one to bcc-Fe, and a 
singlet for the FeNbB paramagnetic phase. The quantification obtained by TMS shows 
an increase of the bcc-Fe/Fe2B ratio with the iron content of the alloy (from 1.37 to 
2.89) and a virtually constant percentage of FeNbB (18.21% for Fe60 and 17.20% for 
Fe70). Consequently, the decomposition of the metastable borides and the 
transformation of the remaining amorphous phase in the last transformation results in 
the stable phases, bcc-Fe, Fe2B and FeNbB, the last one resulting mainly from the 
transformation of the Nb-rich environments.  
 
4. Conclusions 
The slow down during the nanocrystallization process of Fe65Nb10B25 and Fe70Nb10B20 
amorphous alloys is associated to the formation of a Nb-rich disordered phase 
surrounding the Fe23B6 and bcc-Fe nanocrystals, acting as a diffusion barrier. 
The addition of a high percentage of Nb to Fe-B amorphous alloys promotes their 
devitrification by the precipitation of a Fe23B6-type phase and shifts the appearance of 
the metastable Fe3B phase to higher temperatures. 
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Figure1. DSC scans for alloys a) Fe65 and b) Fe70 at 10 K/min. 
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Figure 2a. TMS spectra and hyperfine field distribution for alloy Fe65 heated up at 10 
K/min to a) 998 K, b) 1103 K and c) 1273 K. 
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Figure 2b. TMS spectra and hyperfine field distribution for alloy Fe70 heated up at 10 
K/min to a) 998 K, b) 1103 K and c) 1273 K. 
 
 
T(K)  IS (mm/s) QS (mm/s) HF (T) 
  Fe 65 Fe 70 Fe 65 Fe 70 Fe 65 Fe 70 
melt spun  0.00 (1) -0.03 (2) 0.006 (2) -0.02 (1) 9.86 (3) 9.8 (2) 
Nb-poor 0.05 (2) 0.04 (2) 0.009 (6) 0.003 (9) 21.7 (1) 20.56 (6) 
Nb-rich 0.03 (2) 0.00 (2) -0.03 (1) 0.04 (2) 5.01 (9) 6.13 (5) 
998 
Alpha-Fe  -0.001 (2)  -0.007 (3) 33.1 33.1 
Nb-poor -0.106 (5) -0.24 (2) 17.82 (2) 
Nb-rich 0.01 (4) -0.026 (5) 
17.71 (2) 
4.76 (3) 
1103 
Alpha-Fe 
0.04 (2) 
-0.007 (3) 
0.015 (5) 
-0.003 (5) 33.1 33.1 
FeNbB -0.066 (2) -0.064 (1) - - - - 
0.083 (6) 0.072 (8) 0.02 0.02 23.46 (4) 23.52 (7) Fe2B 
0.124 (7) 0.132 (9) 0.070 (7) 0.081 (6) 24.22 (5) 24.16 (6) 
1273 
Alpha-Fe -0.007(1) -0.0093 (4) 0.001 (2) 0.0070 (8) 33.226 (7) 33.1 
 
Table I. Hyperfine parameters for both ribbons. In all the cases the A13 and A23 
quotients are close to 3 and 2 respectively. 
 
